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microbial growth. The methane is the primary electron donor be-
cause it is the organisms7 primary food source, while the chlorinated
solvent is a secondary substrate because it does not support the bacteria's
growth. In addition to methane, toluene and phenol have been used
as primary substrates to stimulate cometabolism of chlorinated sol-
vents.

Reductive Dehalogenation. Another variation on microbial metabolism
is reductive dehalogenation. Reductive dehalogenation is potentially
important in the detoxification of halogenated organic contaminants,
such as chlorinated solvents. In reductive dehalogenation, microbes
catalyze a reaction in which a halogen atom (such as chlorine) on the
contaminant molecule gets replaced with a hydrogen atom. The re-
action adds two electrons to the contaminant molecule, thus reduc-
ing the contaminant.

For reductive dehalogenation to proceed, a substance other than
the halogenated contaminant must be present to serve as the electron
donor. Possible electron donors are hydrogen and low-molecular-
weight organic compounds (lactate, acetate, methanol, or glucose).
In most cases, reductive dehalogenation generates no energy but is
an incidental reaction that may benefit the cell by eliminating a toxic
material. However, researchers are beginning to find examples in
which cells can obtain energy from this metabolic process.

Microbial Nutritional Requirements for Contaminant Destruction

Regardless of the mechanism microbes use to degrade contami-
nants, the microbes' cellular components have relatively fixed elemental
compositions. A typical bacterial cell is 50 percent carbon; 14 percent
nitrogen; 3 percent phosphorus; 2 percent potassium; 1 percent sul-
fur; 0.2 percent iron; and 0.5 percent each of calcium, magnesium,
and chloride. If any of these or other elements essential to cell build-
ing is in short supply relative to the carbon present as organic con-
taminants, competition for nutrients within the microbial communi-
ties may limit overall microbial growth and slow contaminant removal.
Thus, the bioremediation system must be designed to supply the proper
concentrations and ratios of these nutrients if the natural habitat does
not provide them.

How Microbes Demobilize Contaminants

In addition to converting contaminants to less harmful products,
microbes can cause mobile contaminants to be demobilized, a strat-